The infiltrative renal growth pattern is either characteristic of certain prototype transitional cell carcinomas (TCCs) or other mimickers. Specific computed tomography (CT) features may be used to differentiate TCCs from other overlap findings. Accurate early diagnosis is important to improve treatment outcome and prevent morbidity and mortality from delayed specific treatment.
Introduction
Computed tomography (CT) has become the imaging procedure of choice in the investigation of virtually all abdominal complaints. As the number of abdominal imaging procedures has risen, and so too has the number of accidentally discovered renal lesions. Routine identification on cross-sectional imaging studies help to decrease the stage of the disease at presentation. A lesion involving the kidney can behave as a space-occupying mass with growth by expansion or permeates the renal parenchyma by interstitial infiltration. Of these 2 growth patterns, the most common primary renal tumors in adults (renal cell adenocarcinoma) and children (Wilms tumor) usually manifest as expansile masses. Infiltrative renal lesions are detected much less commonly than expansile, well-circumscribed solid renal lesions. Infiltrative lesions have ill-defined margins between normal renal parenchyma and the lesion but generally preserve the reniform contour with or without renal enlargement. 1 The infiltrative growth is ether characteristic of certain renal tumors or tumor-liked conditions. 2 In 1977, Ambos et al 3 described the urographic and angiographic findings of infiltrative growth in 4 patients with lymphomas, metastases, transitional cell carcinomas (TCCs), and pleomorphic renal cell carcinomas (RCCs), respectively. However, the imaging findings on CT distinguishing TCCs from other infiltrative lesions have not been well described.
The purpose of this study was to determine which CT findings would be best discriminated TCCs from other mimics.
Methods

Study Design
The study was approved by the institutional review board and ethics committee on human subjects research (No. MURA2013/306 on May 21, 2013) with waiver of informed consent due to the retrospective review of all patients who underwent CT scan at Ramathibodi Hospital for suspected infiltrative renal lesions from January 2008 to July 2014.
Patient Selection
This retrospective cohort study included 73 patients aged 16 years or older with multidetector computed tomography (MDCT) who had a proven "infiltrative" or "ill-defined" renal lesion and were derived from a key word search of these terms in the institutional electronic radiology report record from the radiology information system. Final diagnosis was based on histopathology, or imaging or clinical follow-up and response to the specific treatment. Patients with incomplete information (ie, missing data, patient death or loss follow-up without final diagnosis) were excluded.
Data Collection Patient Characteristic
Data elements collected from electronic medical records included patient age and gender, initial clinical presentation, history of underlying malignancy, recurrent urinary tract infection (UTI), pathological diagnosis, and/or clinical diagnosis with response to the specific treatment.
MCCT Imaging Technique
All CT scans of the kidney were performed at least non contrast and nephrographic phases by 1 of 3 different multidetector scanners: 1) 320 slices MDCT (Aquilion ONE; Toshiba Medical Systems Corp, Tokyo, Japan); 2) 128 slices MDCT (Aquilion CX; Toshiba Medical Systems Corp, Tokyo, Japan); 3) 64 slice MDCT (SOMATOM Sensation 64; Siemens Medical Solutions, Malvern, PA, USA).
All CT examinations were obtained during patient breath-holding with the following parameters for imaging acquisition and reconstruction: 120 kVp, automated tube current, a section thickness interval of 3 mm, section collimation 0.5 × 80 mm, rotation time 0.5 seconds, pitch factor 0.813, and helical pitch 65. Protocols varied depending on the type of examination. All patients received about 1000 mL of oral suspension (1000 mL of water and 20 mL contrast material) about 30 -60 min before CT and 1.5 -2 mL/kg (maximum 100 mL) of nonionic 300 -320 mgI of intravenous (IV) contrast material; the IV contrast material was injected into antecubital vein using a mechanical injector at a rate of 2.5 -3.0 mL/sec, a bolus tracking algorithm was used to determine the onset of imaging of corticomedullary or arterial phase (30 -40 seconds), nephrographic or venous phase (70 -90 seconds). For bolus tracking, a region of interest (ROI) was placed in the thoracoabdominal aorta junction, with a trigger set to begin at 120 -150 Hounsfield units (HU).
MDCT Findings and Analysis
All CT images of all cases were uploaded into a picture archiving and communications system (PACS) under DICOM conformance (Synapse Version 3.2.0, FUJIFILM Medical Systems USA's Synapse PACS System, USA).
All images were reviewed independently by an abdominal imaging attending radiologist and a last year diagnostic-radiology resident trainee blinded to clinical history. The readers confirmed each lesion as infiltrative based on preservation of renal contour and a poorly defined zone of transition between the lesion and normal renal parenchyma and/or renal collecting system 1, 2 ( Figure 1 ). Lesion size was measured in the long axis single greatest dimension. If there are more than 1 lesion, the largest lesion was measured. Lesion density on unenhanced scan was classified as hypo-, iso-or hyper-dense compared the surrounding renal parenchyma (30 -40 HU) on non-enhanced CT scan. Hypo-dense lesions measured less than 30 HU and hyper-dense lesions measured between 41 HU to 90 HU. 4, 5 On nephrographic phase, renal mass enhancement was categorized as either homogenous or heterogeneous. Heterogeneous lesions had a combination of solid enhancing soft-tissue and non-or poorly-enhancing regions representing necrotic or cystic changes. Measurement of parenchymal enhancement in HU using 0.5 cm 3 ROI placed within the enhancing regions of the mass but avoiding the necrotic regions and normal renal parenchyma. Larger ROI measurements were used in homogeneous solid masses and similarly placed on both the unenhanced and nephrographic phase scans. 6, 7 Degree of absolute nephrographic phase enhancement was categorized as mild (less than 97 HU), moderate (97 -140 HU), and avid enhancement (greater than 140 HU). The cutoff points to separate tumors into mild, moderate, and avid enhancement groups were done, respectively. 8
Figure 1. Computed Tomography (CT) Feature of Infiltrative Left Renal Lesion
A 58-year-old female presented with abdominal pain. Contrast-enhanced nephrographic phase axial (A) and coronal (B) multidetector computed tomography (MDCT) images showed infiltrative renal mass (transitional cell carcinoma [TCC]) at left upper pole (arrows) with preservation of reniform shape and associated with perinephric invasion. The mass caused focal obstruction, which seen as dilatation of calices.
Relative enhancement (RE) was calculated by measuring the change in density between the unenhanced and venous phase images using the following formula.
RE (%) =
× 100 9 Contrast -Enhanced density -Unenhanced density Unenhanced density
The MDCT based pelvicalyceal system involvement was categorized into 5 patterns of tumor involvement as follows: 9 1) filling defect in pelvicalyceal system, which included pelvis and calyx; 2) focal mural thickening (focal thickening of any part of the collecting system); 3) diffuse mural thickening (diffuse thickening of any part of the collecting system); 4) focally obstruction, which is seen as dilatation of one or more calices with/without gross renal pelvis dilatation; and 5) lesion extending toward ureteropelvic junction tumor seen at ureteropelvic junction in connection with main tumor mass).
These additional described MDCT findings were also categorized: cystic and/or necrotic change, an area with low-attenuation (less than 20 HU on unenhanced scan without contrast enhancement); 6 fat components (less than -10 HU); 10 renal vein invasion by infiltrative lesion in the nephrographic phase with enhancing tumor thrombus; and invasion of perinephric tissue or renal sinus fat by the infiltrative lesion. 11
Statistical Analysis
Significant differences in MDCT findings between the TCCs subcohort and the other malignant and benign subcohorts were evaluated using chi-square test or Fisher exact test for categorical data and t test or Mann-Whitney test for continuous data. Mean, standard deviation (SD), median, and range were computed for all continuous data. Categorical data were summarized by using frequencies.
The association of specific imaging features between the TCCs subcohort and other infiltrative renal lesion subcohort was also evaluated by univariate and multivariate logistic regression analysis. The results were reported using odds ratio (OR), 95% confidence interval (CI), and P value. For multivariate analysis, variables were selected from those that were significant in the univariate analysis.
The weighted kappa (κ) score was used to measure interobserver agreement for the following findings: cystic or necrotic change, calcification, fat component, enhancement pattern, pelvicalyceal involvement, renal vein invasion, perinephric tissue or renal sinus fat invasion, intraabdominal lymphadenopathy, and other sites of malignancy. A κ value of less than 0.20 was taken as poor agreement; 0.21 -0.40, fair agreement; 0.41 -0.60, moderate agreement; 0.61 -0.80, good agreement; and 0.81 -1.00, excellent agreement. 12 A P value of less than .05 was considered to be statistically significant finding. The STATA version 13 (Stata Corp. Version 13. College Station, TX: StataCorp LP; 2013) statistical software was used to analyze data.
Results
Patient Characteristics
Of 73 patients with infiltrative renal lesions in MDCT, there were TCCs subcohort [18 (24.6%)], infection subcohort [17 (23.3%)], renal metastasis subcohort [15 (20.5%)], and lymphoma subcohort [11 (15.1%)]. A variety of other lesions were also diagnosed: 4 cases (5.5%) of primary renal tumor with unknown histology, 2 cases (2.7%) of RCC as well as 1 case each (1.4%) of angiomyolipoma (AML), squamous cell carcinoma (SCC), immunoglobulin G4-related disease (IgG4-RD), and xanthogranulomatous pyelonephritis. There were 2 cases (2.7%) of inconclusive diagnosis between renal metastasis and infection.
In the 21 of 73 (28.8%) cases diagnosed by histopathology (11 cases of TCCs, 5 cases of infection, 2 cases of renal metastasis, and 1 case each of RCC, lymphoma and squamous cell carcinomas), specimens were obtained from partial (11.0%) and radical nephrectomy (8.2%), and percutaneous core needle biopsy (9.6%).
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In 31 other cases, histopathology was from other sites, 18 cases (24.7%) from primary tumor (ie, bladder, bowel, lung, esophagus, larynx, and lymph node) and 13 cases (5.5%) from non-primary tumor (ie, liver, pelvic mass and lymph node). In 43 other cases (58.9%), the diagnosed was established using clinical and/or imaging follow-up after patients received specific treatment.
Interobserver agreement between 2 readers was tested for the following parameters: cystic or necrotic change, calcification, fat component, enhancement pattern, pelvicalyceal involvement, renal vein invasion, invasion of the perinephric tissue or renal sinus fat, intraabdominal lymphadenopathy, and other suspicious foci of malignancy. Excellent agreement was reported in all parameters (κ = 0.95 -1.00).
Comparison Between Intrarenal TCCs and Non-TCCs
The subcohort of patients with intrarenal TCCs were older (mean ± SD, 68.9 ± 9.2 vs 56.4 ± 14.8 years; P = .001), were more likely to present with gross hematuria (P = .003) ( Table 1) , and present unilaterally (P = .003) with a solitary lesion (P = .001), and had larger tumors (median [range], 7.7 [2.2 -19.4] vs 5.5 [1.5 -24.0] cm; P = .05), than patients in the non-TCC subcohorts. On the nephrographic phase scans, TCC subcohort enhanced significantly less than non-TCC subcohorts using both absolute (mean ± SD, 69.2 ± 17.2 vs 83.0 ± 25.9 HU; P = .04), and relative enhancement (median [range], 100.2 [40. 3 -194 .9] vs 150.1 [16.4 -368 .7] %; P = .02). Intrarenal TCCs invaded perinephric tissue significantly more frequently than non-TCCs (77.8% vs 41.8%; P = .01). Both invasion of renal vein (27.8% vs 14.6%), and the presence of intraabdominal lymphadenopathy, and other suspicious foci of malignancy were more common in intrarenal TCCs than non-TCCs but this difference was not significant. Presence of pelvicalyceal involvement was significantly more common in intrarenal TCCs, compared to non-TCCs (P < .001) ( Table 2 ). However, when pelvicalyceal system involvement was subdivided into filling defects in pelvicalyceal system, focal or diffuse mural thickening, focally obstruction and extension to ureteropelvic junction between intrarenal TCCs and others infiltrative renal lesion, there was no difference in each CT finding (Figure 2) .
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In multivariate logistic regression analysis, the 2 features of solitary lesion and less relative enhancement were significantly associated with intrarenal TCCs (OR, 13.28, P = .02; and OR, 0.99, P = .04, respectively) compared to non-TCCs. The contrast-enhanced MDCTs between infiltrative intrarenal TCCs and non-TCCs (focal pyelonephrisis) were measured (Figure 3 ).
Comparison Between Intrarenal Lymphoma and Non-Lymphoma
The 11 patients (15.1%) in the intrarenal lymphoma subcohort were significantly more likely to have multiple lesions with bilateral renal involvement (P = .02 and P = .001, respectively) and have homogeneous enhancement patterns (4 lymphoma patients [36.4%] and 3 non-lymphoma patients [4.8%], P = .008).
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Figure 2. Presence of Pelvicalyceal Involvement in Intrarenal Transitional Cell Carcinoma (TCC)
Contrast-enhanced nephrographic phase axial (A) and coronal (B) multidetector computed tomography (MDCT) of a 69-year-old female with hematuria showed infiltrative enhancing lesion (transitional cell carcinoma) in the left kidney with pelvicalyceal system involvement (arrow).
Figure 3. Comparison of Contrast-Enhanced Multidetector Computed Tomography (MDCT) Between Intrarenal Transitional Cell Carcinoma (TCC) and Focal Pyelonephritis
Contrast-enhanced nephrographic phase axial (A) and coronal (B) images of pathologically proved intrarenal TCC showed infiltrative heterogeneous enhancing renal mass at right lower pole (arrow). The relative enhancement is measured approximately 146.7%. Another patient with pyelonephritis, contrast-enhanced nephrographic phase axial (C) and coronal (D) showed infiltrative lesion at left upper and lower poles (arrows). The relative enhancement is measured approximately 353.3%.
Comparison Between Renal Metastasis and Non-Metastasis
Of the 15 patients (20.6%) in the renal metastasis subcohort, the most common sources of primary malignancies were lung (35.7%), esophagus (21.4%), adenocarcinoma (14.3%), cholangiocarcinoma (7.1%), colon cancer (7.1%), laryngeal cancer (7.1%), and melanoma (7.1%). No specific radiographic characteristics distinguish between renal metastasis and other infiltrative renal lesions.
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Comparison Between Lesions Related to Renal Infection and Non-Infection
Of the 17 patients (23.3%) in the infection subcohort, 5 cases were pathologically proven with nephrectomy and US-guided kidney biopsy, 4 patients of pyelonephritis, and 1 patient of renal abscess, respectively. A combination of clinical findings, imaging findings, positive urinalysis, and cultures were used to diagnose pyelonephritis in the other 12 patients.
The common imaging features favoring a lesion related to intrarenal infection were an absence of cystic or necrotic change, pelvicalyceal system involvement, renal vein, and perinephric tissue invasion and intraabdominal lymphadenopathy. After contrast injection, the infected lesion subcohort had density, and relative enhancement greater than the non-infection subcohorts (214.9% [range, 92.5 -353.3] vs 114.2% [range, 16.4 -368.] ; P < .01).
Discussion
A contrast-enhanced CT is the standard imaging test for initial detection of an infiltrative renal mass. This study showed that a combination of features including the concept of relative enhancement, characterization of these lesions is possible at initial diagnosis potentially avoiding more invasive, uncomfortable and morbid procedures for patients such as renal biopsy. In most cases, CT diagnosis especially in the context of clinical and laboratory information (eg, symptoms of UTI with positive urinalysis or culture) is straightforward and treatment can be confidently planned. However, in a significant minority of renal lesions, a single confident diagnosis is not possible since additional information is unhelpful and differential diagnosis for these lesions includes TCC, RCC, renal lymphoma, renal metastasis, and infection of the kidney, prompting either short interval follow-up or biopsy.
Several previous reports 9, 13, 14 have described the imaging characteristics of intrarenal TCC, which should be suspected in the presence of an infiltrating renal mass with pelvic filling defects or if any part of the collecting system is irregular, narrowed, or amputated. Pickhardt et al 1 described intrarenal TCC arising from the renal pelvic urothelium with infiltration in and around the pelvicalyceal system. Raza et al 9 described the most diagnostic signs of intrarenal TCC which were a filling defect in the renal pelvis, tumor center perceived in the renal pelvis, renal shape preservation, the absence of cystic or necrotic change, homogeneity of the tumor and extension in to the ureteropelvic junction. Hartman et al 13 also reported that invasive TCC is suspected when an infiltrative renal mass coexists with a pelvic filling defect or irregular narrowing or amputation of the collecting system.
In the present study, the findings that favored intrarenal TCC were single, unilateral lesions, absence of calcification, less absolute and relative lesion enhancement, and invasion of either pelvicalyceal system and/or perinephric tissue.
Relative enhancement has been shown to be of value in the CT discrimination of clear cell renal cell carcinoma from other cortical lesions. Less absolute and relative enhancement of the intrarenal TCC relative to other infiltrative renal lesions is similar to studies by Phatak et al 15 and Leder et al 16 who reported that TCC typically had minimal enhancement after intravenous contrast compared to much more hypervascular renal cell carcinoma.
Yousem et al 17 reported synchronous TCC was found in 2.3% of patients with bladder TCC, 39% of those with ureteral TCC, and 24% of those with renal TCC. Metachronous upper-tract tumors developed in 13% of patients with primary ureteral TCC and in 11% of with renal TCC, after average delays of 28 and 22 months, respectively. In the present study, although most of intrarenal TCC were single and unilateral, there was a case with a synchronous lesion in urinary bladder. In another intrarenal TCC case, a metachronous lesion developed in the urinary bladder 2 years after diagnosis.
Several studies have shown that the most commonly encountered pattern of involvement in patients with renal lymphoma was multiple bilateral masses within the renal cortex due to its hematogenous nature. [18] [19] [20] [21] Diffuse infiltration is almost always bilateral and is seen in approximately 20% of patients. In this study, renal lymphoma was most commonly presented with multifocal and bilateral involvement with homogeneous enhancement, unlike the usually heterogeneous enhancement in renal cell carcinoma. 21 Prkacin et al 22 reported that carcinoma of the lung was the most common origin of renal metastases as was confirmed in this study, where 35.7% of metastatic lesion were of lung origin. Although they reported that metastases tended to be small, multiple, less exophytic, with or without wedge shaped appearance compared to renal cell carcinoma. This study found that no specific imaging featured to distinguish renal metastasis from other infiltrative renal lesions. Diagnosis was determined mainly from history of known malignancy.
Finally, this study showed that renal infection related infiltrative lacked cystic or necrotic change and intraabdominal lymphadenopathy, and also lacked involvement of the pelvicalyceal system, renal vein and perinephric tissue. In addition, the same findings were found in benign lesion as well.
There are some limitations in this study. The small sample size is the most important limitation in this study because infiltrative renal lesion is relatively rare as compared with well-defined solid cortical renal lesions. Second, the retrospective nature resulted in some missing data in the clinical information. Third, most of the lesions had no pathological confirmation. Finally, there were certain numbers of lesion diagnosed by correlation with clinical and laboratory findings or follow-up images rather than histopathology. A much larger prospective trial would be of value to independently test the findings of this study and to determine their true clinical utility.
Conclusions
This study showed that 5 MDCT features help to discriminate intrarenal TCC from other infiltrative lesions: solitary lesion, pelvicalyceal system involvement, perinephric tissue invasion, absence of calcification and poor absolute, and relative enhancement.
